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1. General Details

Reagents were purchased from either Sigma Aldnichlfa Aesar and used directly unless
otherwise stated. Solvents were dried accordirggandard procedures prior to use and stored under
nitrogen. Nitrogen gas was oxygen free and driedeaiately before use via passage through sodium
hydroxide pellets and silica. Argon and hydrogemeasdministered directly via balloon. The subsuitet
2H-pyran-2-one is henceforth referred to in the ssxR-pyrone.

4-Bromo-6-methyl-2-pyrone and 4-bromocoumarin waepared using the procedure developed by
Kato et al* 4,6-Dichloro-2-pyrone and 4-chloro-2-pyrone werepared according to the route used by
Afarinkia et al* Where commercially unavailable, 2-bromophenolsersymthesised from the reaction of
the corresponding phenol with BY4-Hydroxy-6-phenethyl-2-pyrone was synthesiseaating to the
procedure developed by Zhang et al.

All TLC analysis was performed using Merck 5554nainium backed silica plates and visualised
using UV light (254 nm), an aqueous solution ofgssium permanganate, or an ethanol based solutiwn o
anisaldehyde'H NMR and**C NMR spectra were recorded on a Jeol ECX400 speetier operating at
400 and 100 MHz respectively, or a Bruker 500 speweter operating at 500 and 126 MHz respectively.
All column chromatography was performed using flagica-gel with the solvent systems specified with
the text.

2. Experimental Procedures

General Procedure A - Synthesis of 4-(2-haloaryloxy)-2-pyrones

A solution of 4-Bromo-6-methyl-2-pyrone (1 eq.)halophenol (1.1 eq.), and,&O; (1.5 eq.) in acetone (4
mL/mmol) was stirred at 60 °C for 16 hours. Thectiem was quenched by addition of water and ethyl
acetate, and the layers separated. The aqueousMagextracted 3 times using ethyl acetate and the
combined organic extracts dried over MgSfitered and concentrated vacuoand purified by flash

column chromatography (10-30 % EtOAc in hexanes).
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Synthesis of 4-{[(Z)-2-Bromo-1-ethyl-1-ethenyl]oxy}-6-methyl-2-pyrone (1)

Note that compound needed to be prepared by degixpsocedure. All preparative and characterizatio

details are therefore included here (a generalmsehs given below).
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xﬁ
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1-(tert-Butyl-dimethyl-silanyloxy)-butan-2-ol

>FS/O\)fOH

A solution of butane-1,2-diol (20 mmol, 1eq.), TEO mmol, 2 eq.) and tert-butyl-dimethylsilyl chide

(30 mmol, 1.5 eq.) under nitrogen in DCM (25 mLpsstirred at 20 °C for 16 h. The reaction was then
guenched with ice cold water (15 mL) and the agadayer removed. The organic layer was then washed
with brine (15 mL) and dried over MgQ@hen concentrateid vacuoto afford the crude material. The
product was purified via distillation (70 °C, 0.banr) to afford a colourless oil (3.43 g, 84.1%).

'H-NMR (400 MHz, CDC}): 3.63 (ddJ = 9.7, 3.3Hz, 1H), 3.55 (ddt) = 10.5, 7.2, 3.3 Hz, 1H), 3.39 (dd,
J=9.7, 7.2 Hz, 1H), 1.40-1.48 (m, 2H), 0.95)& 7.5 Hz, 3H), 0.89 (s, 9H), 0.07 (s, 6HJC-NMR (100
MHz, CDCl); 73.3, 67.0, 26.0, 21.7, 18.4, 10.0, -5.3, -®M% (ESI) m/z(rel.%): 205 [MH] (100);IR

(neat): 3406, 2955, 2929, 2858, 1462, 1253, 1092, 874 crit.
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4-[1-(tert-Butyl-dimethyl-silanyloxymethyl)-pr opoxy]-6-methyl-2-pyrone
0

\)f | I
SPFT

4-hydroxy-6-methyl-2-pyrone (4 mmol, 1eq.), alcoletert-Butyl-dimethyl-silanyloxy)-butan-2-ol (6
mmol, 1.5 eq.) and triphenylphosphine (6 mmol,&g9 were dissolved in THF (8 mL) under nitroge at
°C. DIAD (6 mmol, 1.5 eq.) was then added carefolhgr 15. The reaction was stirred for 16h at 2@ha
then the solvent removexd vacuo The crude product was purifieth column chromatography (20%
EtOAc in hexanes) to afford a colourless oil (1238.4%).

Rf = 0.56 (20% EtOAc in hexane$)f-NMR (400 MHz,CDCly): 5.71 (dgJ= 1.9, 0.8Hz, 1H, CH), 5.36
(d,J =1.9Hz, 1H), 4.17 (pyJ = 5.4Hz, 1H), 3.66 (s, 1H), 3.64 (d,= 1.3 Hz, 1H), 2.11-2.15 (m, 3H),
1.53-1.69 (m, 2H), 0.87 (8,= 7.5 Hz, 3H), 0.79 (s, 9H), -0.03 (s, 3H), -0.043d); *C-NMR (100 MHz,
CDCl): 170.5, 165.3, 162.1, 100.9, 88.4, 80.9, 63.83,253.4, 19.8, 18.2, 9.5, -5.4, -56M S (ESI)m/z
(rel.%): 335 [MN4] (100), 313 [MH] (2); HRMS (ESI) calculated for gH»s04NaSi [M']: 335.1649,
found: 335.1640tR (neat): 2929, 2883, 2857, 1736, 1651, 1563, 1450411320, 1249, 1139, 1036, 1001

cm™.

4-(1-Hydr oxymethyl-propoxy)-6-methyl-2-pyrone

H H

A solution of 4-[1-{ert-Butyl-dimethyl-silanyloxymethyl)-propoxy]-6-metd-pyrone (3 mmol, 1eq.) in
THF (15 mL), water (7.5 mL) and acetic acid (25 migs stirred for 16 hours at 20 °C. The solutiors wa
concentratedn vacuoand the resulting product was purified by colunmnomatography (2-4% MeOH in
DCM) to afford a pale yellow oil (582 mg, 98%).

Rf = 0.21 (5% MeOH in DCM)'H-NMR (400 MHz,CDCl): 5.80 (dgJ = 2.2, 0.8 Hz, 1H), 5.46 (d, =
2.2Hz, 1H), 4.28 (qdJ = 5.9, 4.1Hz, 1H), 3.81 (ddJ = 12.1, 4.1Hz, 1H), 3.68 (ddJ = 12.1, 5.9Hz, 1H),
2.18 (q,J = 0.8 Hz, 3H), 2.07 (s, 1H), 1.66-1.74 (m, 2H), 083 = 7.5Hz, 3H);"*C-NMR (100 MHz,
CDCls) 170.5, 165.6, 162.5, 101.2, 88.7, 81.2, 63.42,2%.0, 9.6M S (ESI)m/z(rel.%): 221 [MN4]

(100), 199 [MH] (6); HRM S (ESI) calculated for gH1404Na [M*]: 221.0784, found: 221.0790R (neat):
3411, 2971, 2939, 1687, 1644, 1556, 1449, 14155, 1P¥48, 1058, 1039, 1001, 877, 818, 750'cm
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2-(6-M ethyl-2-pyr on-4-yloxy)-butyraldehyde

Ji | 0
O N P
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To a solution of oxalyl chloride (0.83 g, 6.5 mmbI3 eq.) in DCM (15 mL) at -78 °C, was added DMSO
(2.01 g, 13 mmol, 2.6 eq.) in DCM (15 mL) dropweseer 15 minutes. The solution was stirred for 30
minutes at -78 °C then a solution of 4-(1-Hydroxghyl-propoxy)-6-methyl-2-pyrone (0.99 g, 5 mmol, 1
eg.) in DCM (15 mL) was added dropwise over 20 rteauThe solution was stirred for 30 minutes at -78
°C then E{N (1.8g, 18 mmol, 3.6 eq.) added dropwise over irftutes and the reaction stirred for a further
60 minutes at -78 °C then allowed to warm slowlhamobient temperature. The solvent was removed in
vacuq and the crude residue taken up igeaind passed through a silica plug, eluting witOEt
Concentration of the eluent afforded the title connd as a white solid used without further purtiica
(913 mg, 93%).

'H-NMR (400 MHz, CDC}): 9.57 (d,J = 1.2Hz, 1H), 5.88 (dJ= 2.1Hz, 1H), 5.23 (dJ = 2.1 Hz, 1H),
4.47 (dddJ) = 7.0, 5.4, 1.Hz, 1H), 2.22 (s, 3H), 1.85-2.00 (m, 2H), 1.03)( 7.4Hz, 3H);*C-NMR

(100 MHz,CDCl3); 198.4, 169.4, 164.4, 163.0, 100.3, 89.1, 8239),220.0, 9.1tR (DCM): 3608, 3376,
3061, 2965, 1710, 1650, 1566, 1450, 1413, 13224,1P146, 1093 cth

4-[1-(Dibromomethyl)propoxy]-6-methyl-2-pyrone

0O
(e}
Br =
(@]
Br

Following the known procedureTo a solution of triphenyl phosphite (748 mg, &ithol, 1.1 eq.) in DCM
(10 mL) under argon at -60 °C, was addeg (BO5 mg, 2.53 mmol, 1.15 eq.) dropwise over 10utas,
followed by EtN (267 mg, 2.64 mmol, 1.2 eq.) and 2-(6-Methyl-2gnt4-yloxy)-butyraldehyde (430 mg,
2.2 mmol, 1 eq.). The reaction was allowed to walowly to ambient temperature whilst stirring f@ 1
hours, followed by a further 2 hours heating tdurefRemoval of solvent imacuofollowed by flash
column chromatography (20% EtOAc in hexanes) a#drthe title compound as a white powder (265 mg,
36%).

Rf = 0.22 (20% EtOAc in hexanesH-NMR (500 MHz, CDCJ): 5.86 (dgJ = 2.3, 0.8 Hz, 1H, &), 5.83
(d,J =4.1 Hz, 1H, ¢*H), 5.43 (dJ = 2.3, 1H, CH), 4.45 (tdJ = 8.0, 4.1 Hz, 1H, EH), 2.22 (app. s, 3H,
C'Hs), 2.07 — 1.86 (m, 2H, H1,), 1.01 (t,J = 7.5 Hz, 3H, €Hs); *C-NMR (126 MHz, CDC}): 169.5,
164.5, 163.0, 100.4, 88.8, 82.4, 71.2, 22.9, 1®MAMS (ESI) m/z(rel.%): 343 $'Br/*'Br -MH"] (44), 341
["Br/2*Br -MH"] (100), 339 [*Br/"*Br -MH"] (45); HRM S (ESI) calculated for GH13Br.Os: 338.9226,
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found: 338.9223tR (neat): 3078, 3017, 2975, 2943, 2159, 1702, 168568,11443, 1409, 1248, 1230, 1146,
996, 867, 829, 810, 673 ¢

4-{[(Z2)-2-Bromo-1-ethyl-1-ethenyl]oxy}-6-methyl-2-pyrone (1)
0

@]
=

ZZNe

Br
To a solution of 4-[1-(Dibromomethyl)propoxy]-6-nhgt-2-pyrone (340 mg, 1 mmol, 1 eq.) in THF (3 mL)
under nitrogen, was added DBU (304 mg, 2 mmol.2 &d the solution stirred for 24 hours at 70 T@e
reaction was allowed to cool and quenched by tligiad of water (1 mL). The solution was then egteal
by EtOAc (3 x 3 mL) and the combined organic exsatied over MgS@and concentrated wacuoto
afford the crude product. Purification by flashwooh chromatography (15% EtOAc in hexanes) afforded
the title compound as pale yellow oil (167 mg, 64)5
Rf = 0.26 (20% EtOAc in hexanesH-NMR (500 MHz, CDCY): 5.95 (t,J = 1.3 Hz, 1H, ¢'H), 5.92 (dq,)
=2.2,0.8 Hz, 1H, &), 5.40 (dgJ = 2.2, 0.5 Hz, 1H, &), 2.29 (qd,J = 7.5, 1.3 Hz, 2H, &1,), 2.25 (dd,
J=0.8, 0.5 Hz, 3H, (H3), 1.11 (tJ = 7.5 Hz, 3H, &Hs); *C-NMR (126 MHz, CDC}): 169.0, 164.3,
163.5, 155.0, 99.5, 97.9, 91.0, 23.3, 20.0, 101.8;(ESI)m/z(rel.%): 283 $'Br-MNa'] (42), 281 [*Br-
MNa'] (42), 261 f'Br-MH™] (98), 259 [*Br-MH™"] (100); HRM S (ESI) calculated for GH1,BrOs:
258.9964, found: 258.996#R (neat): 3089, 2975, 2938, 1711, 1642, 1565, 1446511220, 1174, 1138,
998, 849, 819 cih

4-(2-1odophenoxy)-6-methyl-2-pyrone (5a)

The title compound was prepared according to GéReogedure A, on a 10 mmol scale, to afford the
product as a white solid (2.77g, 84.5%).

Mpt: 71-73 °C;*H-NMR (400 MHz, CDC}): 7.86 (ddJ = 7.9, 1.5 Hz, 1H), 7.40 (td,= 7.9, 1.5 Hz, 1H),
7.09 (ddJ = 7.9, 1.5 Hz, 1H), 7.03 (td,= 7.9, 1.5 Hz, 1H), 6.02 (dd,= 2.3, 1.0 Hz, €H, 1H), 5.05 (d,] =
2.3, CH, 1H), 2.26 (d,J = 1.0 Hz, CHs, 3H); *C-NMR (101 MHz, CDC}): 169.5, 164.3, 163.6, 152.2,
140.3, 130.1, 128.3, 122.3, 99.7, 91.2, 89.6, 20.3(ESI)m/z(rel.%): 351 [MN4] (100), 329 [MH] (97);
HRMS (ESI) calculated for GHgINaOs: 350.9489, found: 350.948HR (neat): 3806, 1697, 1636, 1559,
1437, 1398, 1223, 820, 764 ¢m
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4-(2-1odophenoxy)-2-pyrone (5b)

A solution of 4-chloro-2-pyrone (125 mg, 0.96 mnibkq.), 2-iodophenol (253 mg, 1.15 mmol, 1.2 eq.),
and KCOs; (264 mg, 1.9 mmol, 2 eq.) in acetone (5 mL) wasest at 60 °C for 16 hours. The reaction was
guenched by addition of water (2 mL) and ethytaige(5 mL), and the layers separated. The aquages
was extracted using ethyl acetate (3 x 5 mL) aeccttmbined organic extracts dried over MgSiltered
and concentrateith vacua Purification by flash column chromatography (2B#Ac in hexanes) afforded
the title compound as a white solid (260.2 mg, 8§.5

Mpt: 92-93 °C;'H-NMR (400 MHz, CDC}): 7.89 (ddJ = 7.9, 1.5 Hz, 1H), 7.50 (dd,= 5.8, 0.7 Hz, 1H),
7.42 (dddJ=8.1, 7.5, 1.5 Hz, 1H), 7.12 (ddi= 8.1, 1.5, 1H), 7.05 (ddd,= 7.9, 7.5, 1.5 Hz, 1H), 6.27 (dd,
J=5.8, 2.4 Hz, 1H), 5.20 (dd,= 2.4, 0.7 Hz, 1H)**C-NMR (101 MHz, CDC}): 168.4, 163.5, 152.5,
152.1, 140.4, 130.2, 128.4, 122.3, 102.8, 94.5;88S (ESI) m/z(rel.%): 337 [MN4] (15), 315 [MH]
(100);HRM S (ESI) calculated for GHglO3: 314.9513, found: 314.9518R (neat): 3087, 1700, 1633,
1556, 1434, 1328, 1218, 1195, 1158, 1054, 881, B2 cm’.

4-Chloro-6-phenyl-2-pyrone

Cl

To a solution of 4,6-dichloro-2-pyrone (330 mg, fhol, 1 eq.) and NiG(PPh), (21.7 mg, 0.04 mmol, 2
mol%) in THF (4 mL) under nitrogen at 20 °C, wasled 2.0 M PhMgBr in THF (1 mL, 2 mmol, 1 eq.).
The reaction was then stirred at 20 °C for 24 hthes quenched by the addition of water (2 mL) and
EtOAc (5 mL). The organic layer was separated aedajueous layer extracted with EtOAc (2 x 5 mL).
The combined organic extracts were concentretedcuoand purified by flash column chromatography
(10% EtOAc in hexanes) to afford a white crystalsolid (62.7 mg, 15.2%).

Mpt: 103-105 °CH-NMR (400 MHz, CDC}): 7.79 — 7.86 (m, 2H), 7.44 — 7.54 (m, 3H), 6.70)d,1.7
Hz, 1H), 6.35 (dJ = 1.7 Hz, 1H)®*C-NMR (101 MHz, CDC}): 160.6, 160.5, 151.9, 131.7, 130.2, 129.1,
125.9, 111.8, 103.81S (ESI)m/z(rel.%): 231 f'CI-MNa’] (14), 229 f°CI-MNa'] (49), 209 f’CI-MH"]
(31), 207 £°CI-MH"] (100); HRM S (ESI) calculated for GHgCl0,:207.0207, found: 207.0208R (neat):
3079, 1721, 1706, 1612, 1537, 1494, 1451, 13648,18235, 1149, 1088, 1050, 859, 813, 776'cm
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4-(2-1 odophenoxy)-6-phenyl-2-pyrone (5¢)

A solution of 4-Chloro-6-phenyl-2-pyrone (50.0 n@g24 mmol, 1 eq.), 2-iodophenol (64 mg, 0.29 mmaol,
1.2 eq.), and KCO; (50 mg, 0.36 mmol, 1.5 eq.) in acetone (1 mL) stased at 60 °C for 16 hours. The
reaction was quenched by addition of water (1 nrig ethyl acetate (3 mL), and the layers separdteel.
agueous layer was extracted using ethyl acetate3(81L) and the combined organic extracts dried ove
MgSQ,, filtered and concentrated vacua Purification by flash column chromatography (2B¥@Ac in
hexanes) afforded the title compound as a whitel $6V.6 mg, 82.9%).

Mpt: 155-157 °C*H-NMR (400 MHz, CDC}): 7.91 (ddJ = 8.0, 1.5 Hz, 1H), 7.84 — 7.89 (m, 2H), 7.47 —
7.52 (m, 3H), 7.44 (ddd,= 8.1, 7.4, 1.5 Hz, 1H), 7.17 (ddl= 8.1, 1.5 Hz, 1H), 7.07 (ddd= 8.0, 7.4, 1.5
Hz, 1H), 6.70 (dJ = 2.1 Hz, 1H), 5.20 (d] = 2.1 Hz, 1H);*C-NMR (101 MHz, CDC}): 169.6, 163.7,
161.5, 152.4, 140.4, 131.3, 130.9, 130.2, 128.8,41225.8, 122.4, 97.3, 92.2, 8M'S (ESI) m/z(rel.%):
413 [MN&] (34), 391 [MHT] (100); HRM S (ESI) calculated for GH;,103:390.9826, found: 390.9820R
(neat): 3093, 2962, 1698, 1629, 1555, 1402, 1287811173, 1020, 808, 766 ¢m

4-Bromo-6-phenethyl-2-pyrone

Br

To a solution of 4-hydroxy-6-phenethyl-2-pyrone @Iig, 0.46 mmol, 1 eq.) in DMF (1 mL) under
nitrogen, was added dropwise BRE502 mg, 1.85 mmol, 4 eq.) over 10 minutes. Tlaetien was then
stirred at 80 °C for 18 hours and allowed to cochinbient temperature, then DMF was removed undér h
vacuum and water (2 mL) and,EX (5 mL) added. The organic layer was separatedtendqueous layer
extracted with EO (5 x 5 mL) then the combined organic extractedinover MgS®@and concentrated in
vacuoto give the crude product. Purification via flagilumn chromatography (10% EtOAc in hexanes)
gave the title compound as a yellow oil. (50.3 B3@2%).

'H-NMR (400 MHz, CDC}): 7.20 — 7.26 (m, 2H), 7.17 (m, 1H), 7.07 — 7.6, 2H), 6.39 (dJ) = 1.6 Hz,
1H), 6.05 (d,J = 1.6 Hz, 1H), 2.90 (1] =7.9 Hz, 2H), 2.70 (] = 7.9 Hz, 2H)*C-NMR (101 MHz,
CDCl3): 164.3, 160.6, 141.0, 139.4, 128.6, 128.2, 12516,1, 108.2, 35.4, 32.81S (ESI)m/z(rel.%): 303
[2'Br-MNa'] (57), 301 [*Br-MNa'] (58), 281 {'Br-MH*] (96), 279 [°Br-MH*] (100); HRM S (ESI)
calculated fo_r%!—throz: 279.0015, found: 279.0010;
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4-(2-1odophenoxy)-6-phenethyl-2-pyrone (5d)

A solution of 4-Bromo-6-phenethyl-2-pyrone (45.0,8dl6 mmol, 1 eq.), 2-iodophenol (40 mg, 0.18
mmol, 1.1 eq.), and ¥CO; (33 mg, 0.24 mmol, 1.5 eq.) in acetone (1 mL) stased at 60 °C for 16 hours.
The reaction was quenched by addition of water I) amd ethyl acetate (3 mL), and the layers sepdrat
The aqueous layer was extracted using ethyl ac8ate8 mL) and the combined organic extracts dried
over MgSQ, filtered and concentrated vacua Purification by flash column chromatography (2EB#@Ac
in hexanes) afforded the product as a yellow 948814 mg, 58.9%).

'H-NMR (400 MHz, CDC}): 7.87 (dd,J = 7.9, 1.5 Hz, 1H), 7.40 (ddd= 8.1, 7.4, 1.5 Hz, 1H), 7.27— 7.34
(m, 2H), 7.23 (m, 1H), 7.17— 7.21 (m, 2H), 7.08,(d¢ 8.1, 1.5 Hz, 1H), 7.04 (td,= 1.5, 7.8, 1H), 5.95 (d,
J=2.2 Hz, 1H), 5.08 (d] = 2.2 Hz, 1H), 2.98— 3.06 (m, 2H), 2.79- 2.88 2H); **C-NMR (101 MHz,
CDCl3): 169.3, 165.9, 164.3, 152.3, 140.3, 139.7, 131P8,6, 128.3, 128.3, 126.5, 122.3, 99.7, 91.6,89.
35.7, 32.9MS (ESI) m/z(rel.%): 441 [MN4] (16), 419 [MHT] (100); HRM S (ESI) calculated for
CigH16103: 419.0139, found: 419.0130R (DCM): 3065, 3030, 2932, 1724, 1643, 1571, 1492913269,
1262, 1227, 1131, 1022 ¢m

4-(2-Bromo-4-methoxy-phenoxy)-6-methyl-2-pyrone (7a)

MeO Br
| O
T
(@]

The title compound was prepared according to GéReogedure A, on a 1 mmol scale, to afford the
product as a white solid (279.3 mg, 89.8%).

Mpt: 98-99 °C;'H-NMR (400 MHz, CDC}): 7.15 (d,J = 2.9 Hz, 1H), 7.04 (d] = 8.9 Hz, 1H), 6.88 (dd]
=8.9, 2.9 Hz, 1H), 6.00 (d,= 2.2 Hz, 1H), 5.08 (d] = 2.2 Hz, 1H), 3.81 (s, 3H), 2.26 (s, 3fC-NMR
(101 MHz, CDC}): 170.1, 164.5, 163.4, 158.2, 142.9, 123.3, 11R18,1, 114.8, 99.5, 90.8, 55.9, 20W0S
(ESI)m/z(rel.%): 335 f'Br-MNa'] (99), 333 [*Br-MNa'] (100), 313 'Br-MH™] (93), 311 [*Br-MH"]
(311);HRMS (ESI) calculated for GH1,BrO,[MH*]: 310.9913, found: 310.9909R (neat): 3193, 3087,
1726, 1647, 1569, 1491, 1446, 1403, 1211, 11338,1942, 841, 805, 779 ¢
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4-(2-Bromo-5-methoxy-phenoxy)-6-methyl-2-pyrone (7b)

Br
| (@]
/@i =
MeO @]

The title compound was prepared according to GéReogedure A, on a 3 mmol scale, to afford the
product as a white solid (492 mg, 52.7%).

Mpt: 103-106 °C*H-NMR (400 MHz, CDC}): 7.15 (d,J = 2.9 Hz, 1H), 7.04 (d] = 8.9 Hz, 1H), 6.88 (dd,
J=8.9, 2.9 Hz, 1H), 6.00 (d,= 2.2 Hz, 1H), 5.08 (d] = 2.2 Hz, 1H), 3.81 (s, 3H), 2.26 (s, 3HHC-NMR
(101 MHz, CDC}): 170.1, 164.5, 163.4, 158.2, 142.9, 123.3, 11R18,1, 114.8, 99.5, 90.8, 55.9, 20\S
(ESI)m/z(rel.%): 335 f'Br-MNa'] (68), 333 [*Br-MNa'] (70), 313 f'Br-MH*] (100), 311 [*Br-MH]
(100); HRM S (ESI) calculated for GH1,BrO,[MH*]: 310.9913, found: 310.9908R (neat): 3066, 1709,
1645, 1566, 1483, 1441, 1399, 1314, 1236, 11997 1118, 991, 858, 836 ¢

4-(2-Bromo-4-methyl-phenoxy)-6-methyl-2-pyrone (7¢)

(@)
|O
T
(@)

The title compound was prepared according to GéReogedure A, on a 1 mmol scale, to afford the
product as a white solid (283.5 mg, 96.1%).

Mpt: 64-65 °C;'H-NMR (400 MHz, CDCJ): 7.46 (d,J = 1.5 Hz, 1H), 7.15 (dd] = 1.5, 8.1 Hz, 1H), 7.00
(d,J=8.1Hz, 1H), 6.00 (dgl = 2.2, 0.9 Hz, 1H), 5.08 (d,= 2.2, 1H), 2.36 (s, 3H), 2.26 (@= 0.9 Hz,

3H); *C-NMR (101 MHz, CDC}): 169.8, 164.4, 163.5, 147.0, 138.3, 134.4, 129.7,6,2.15.4, 99.6, 90.9,
20.6, 20.0M S (ESI)m/z(rel.%): 297 f'Br-MH*] (98), 295 [*Br-MH*] (100); HRM S (ESI) calculated for
C13H1BrOs[®Br-MH*]: 294.9964, found: 294.997PR (neat): 3072, 1726, 1648, 1561, 1488, 1449, 1395,
1316, 1239, 1128, 850, 830 ¢m
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4-(2-Bromo-4,6-dimethyl-phenoxy)-6-methyl-2-pyrone (7d)

(@)
Br

The title compound was prepared according to GéReogedure A, on a 4 mmol scale, to afford the
product as a white solid (454 mg, 36.8%).

Mpt: 138-142 °C'*H-NMR (400 MHz, CDC}): 7.27 (m, 1H), 7.00 (m, 1H), 6.02 (dij= 2.0, 0.9 Hz, 1H),
5.02 (d,J = 2.0 Hz, 1H), 2.31 (app.d,= 0.7 Hz, 3H), 2.27 (d] = 0.9, 3H), 2.14 (app. §,= 0.6 Hz, 3H);
BC-NMR (101 MHz, CDC}): 169.0, 164.6, 163.6, 145.3, 137.9, 132.0, 131.8,41315.7, 99.4, 90.1,
20.6, 20.1, 16.4M1S (ESI) m/z(rel.%): 333 f'Br-MNa'] (17), 331 [*Br-MNa'] (18), 311 f'Br-MH™] (97),
309 [°Br-MH™] (100); HRM S (ESI) calculated for GH14BrOs: 309.0121, found: 309.011BR (neat):
3074, 2922, 1699, 1640, 1563, 1445, 1400, 12203,1P084, 981, 828 cin

4-(2-Bromo-4-tert-butyl-phenoxy)-6-methyl-2-pyrone (7€)

Br
(@]

=
O

The title compound was prepared according to GéReogedure A, on a 2 mmol scale, to afford the
product as a white solid (442 mg, 65.6%).

Mpt: 148-149 °C*H-NMR (400 MHz, CDC}): 7.60 (d,J = 2.2 Hz, 1H), 7.35 (dd] = 8.5, 2.2 Hz, 1H),
7.03 (d,J = 8.5 Hz, 1H), 6.00 (d] = 2.0 Hz, 1H), 5.06 (d] = 2.0 Hz, 1H), 2.25 (s, 3H), 1.30 (s, 9HfC-
NMR (101 MHz, CDC4): 169.8, 164.4, 163.4, 151.7, 146.8, 131.0, 126.2,41215.3, 99.6, 90.7, 34.7,
31.1, 20.0M S (ESI)m/z(rel.%): 361 f'Br-MNa'] (20), 359 [*Br-MNa'] (22), 339 f'Br-MH*] (96), 337
["Br-MH*] (100); HRM S (ESI) calculated for GH14BrOs: 337.0434, found: 337.042BR (neat): 3089,
2955, 1707, 1644, 1567, 1491, 1440, 1403, 12252 11347, 979, 858, 822 ¢
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4-(2-Bromo-4,6-di-tert-butyl-phenoxy)-6-methyl-2-pyrone (7f)

(o]
Br

To a solution of 2-bromo-4,6-dert-butylphenol (285 mg, 1 mmol, 1 eq.) under nitrogeHF (2 mL)
was added NaH (24 mg, 1 mmol, 1eq.) in one porfid® solution was stirred at 25 °C for 1 hour then
bromo-6-methyl-2-pyrone (189 mg, 1 mmol, 1 eq.) wdded and the solution stirred at 60 °C for 16rfi0u
The reaction was allowed to cool to ambient tempeesand quenched by the addition of water (1 rithe
solution was then extracted by EtOAc (3 x 3 mL) #mcombined organic extracts dried over MgSO
concentrated in vacuo to afford the crude prodeatification by flash column chromatography (15%
EtOAc in hexanes) afforded the title compound ade solid (108.4mg, 27.6%).

Mpt: 108-110 °CH-NMR (400 MHz, CDC}): 7.45 (d,J = 2.3 Hz, 1H), 7.38 (d] = 2.3 Hz, 1H), 5.99 (s,
1H), 5.05 (s, 1H), 2.27 (s, 3H), 1.31 (s, 9H), 1(809H);*C-NMR (101 MHz, CDC}): 169.7, 164.6,
163.5, 150.5, 145.2, 143.5, 129.1, 124.3, 117.%Z,94..7, 35.6, 34.8, 31.2, 30.6, 20MS (ESI)m/z
(rel.%): 417 $'Br-MNa'] (17), 415 [*Br-MNa'] (17), 395 f*Br-MH™] (100), 393 [*Br-MH*] (98); HRM S
(ESI) calculated for gH26BrO3: 393.1060, found: 393.105BR (neat): 2959, 1719, 1649, 1566, 1438,
1401, 1223, 1128, 979, 852, 826'tm

4-(2-Bromo-4-phenyl-phenoxy)-6-methyl-2-pyrone (79)

O I
Br
| (@]
‘ =
(@)

The title compound was prepared according to GéReogedure A, on a 2 mmol scale, to afford the
product as a white solid (646 mg, 90.4%).

Mpt: 125-127 °C*H-NMR (400 MHz, CDC}): 7.86 (d,J = 2.2 Hz, 1H), 7.57 (dd] = 8.4, 2.2 Hz, 1H),
7.53 — 7.56 (m, 2H), 7.44 — 7.49 (m, 2H), 7.40 (i), 7.20 (d,) = 8.4 Hz, 1H), 6.05 (ddl = 2.2, 0.8 Hz,
1H), 5.17 (dd,) = 2.2, 0.5 Hz, 1H), 2.29 (dd,= 0.8, 0.5 Hz, 3H)**C-NMR (101 MHz, CDC}): 169.6,
164.4, 163.6, 148.5, 141.6, 138.5, 132.6, 129.8,2227.8, 127.1, 123.2, 116.2, 99.5, 91.1, 24.3;
(ESI)m/z(rel.%): 381 f'Br-MNa'] (14), 379 [*Br-MNa'] (14), 359 f'Br-MH*] (98), 357 [*Br-MH"]
(100);HRM S (ESI) calculated for ¢gH14BrOs: 357.0121, found: 357.011IR (neat): 3060, 1717, 1692,
1644, 1566, 1474, 1402, 1227, 1132, 1044, 982, 868, 769, 738, 698 cm
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4-(2-Bromo-4-fluor o-phenoxy)-6-methyl-2-pyrone (7h)

The title compound was prepared according to GéReogedure A, on a 1 mmol scale, to afford the
product as a white solid (260 mg, 87.1%).

Mpt: 112-113 °C*H-NMR (400 MHz, CDC}): 7.41 (ddd,) = 7.5, 2.5, 0.7 Hz, 1H), 7.15 — 7.08 (m, 2H),
6.01 (dg,J = 0.8, 2.1 Hz, 1H), 5.06 (d,= 2.1 Hz, 1H), 2.28 (d] = 0.8 Hz, 3H);

3C-NMR (101 MHz, CDC}): 169.53, 163.75, 162.8 (d= 273.1 Hz), 158.97, 145.7 (@= 3.6 Hz), 123.9
(d,J=9.0 Hz), 121.3 (d] = 26.0 Hz), 116.5 (d] = 10.2 Hz), 116.1 (d] = 23.3 Hz), 99.40, 90.98, 20.09;
YE.NMR (376 MHz, CDC}): -112.45 (tdJ) = 7.5, 5.4 Hz)M S (ESI)m/z(rel.%): 301 $'Br-MH"] (97), 299
["Br-MH*] (100); HRM S (ESI) calculated for GHgBrFOs: 298.9714, found: 298.971HR (neat): 3065,
1731, 1651, 1568, 1480, 1443, 1402, 1246, 11824,1980, 851, 827, 783 ¢h

4-(2-Bromo-5-fluor o-phenoxy)-6-methyl-2-pyrone (7i)

O
Br
=
F O

The title compound was prepared according to Gérienecedure A, on a 1 mmol scale, to afford the
product as a white solid (262 mg, 87.7%).

Mpt: 120-122 °CH-NMR (400 MHz, CDCJ): 7.62 (dd,J = 8.9, 5.7 Hz, 1H), 6.97 (ddd,= 8.9, 7.7, 2.9,
1H), 6.92 (dd,) = 8.4, 2.9 Hz, 1H), 6.01 (dd,= 2.1, 0.8 Hz, 1H), 5.10 (d,= 2.1 Hz, 1H), 2.28 (d] = 0.7
Hz, 3H):*C-NMR (101 MHz, CDC}): 169.0, 164.1, 163.9,162.2 @= 251.2 Hz), 150.0 (dl = 10.6 Hz),
134.8 (dJ = 9.0 Hz), 115.5 (d) = 22.2 Hz), 111.2 (d] = 24.9 Hz), 110.59 (d] = 4.2 Hz), 99.3, 91.3, 20.1;
YF.NMR (376 MHz, CDC}): -110.01 (td,) = 8.0, 5.7 Hz)M S (ESI) m/z(rel.%): 301 f'Br-MH*] (97), 299
["Br-MH*] (100); HRMS (ESI) calculated for GHsBrFOs: 298.9714, found: 298.9711R (neat): 3063,
2923, 2855, 1726, 1644, 1563, 1453, 1401, 1233 11634, 995, 947, 851, 808 ¢m
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4-(2-Bromo-4-(trifluoromethyl)-phenoxy)-6-methyl-2-pyrone (7))

@)

F.C Br
=

O

The title compound was prepared according to Gérmfn@cedure A, on a 0.5 mmol scale, to afford the
product as a white solid (166.4 mg, 95.3%).

Mpt: 91-93 °C;*H-NMR (400 MHz, CDC}): 7.93 (dq,J = 2.2, 0.7 Hz, 1H), 7.65 (ddd,= 8.4, 2.2, 0.7 Hz,
1H), 7.26 (dg,J =8.4, 0.8 Hz, 1H), 6.02 (dd,= 2.3, 0.9 Hz, 1H), 5.07 (dd,= 2.3, 0.6 Hz, 1H), 2.27 (dd,

= 0.9, 0.6 Hz, 3H)*C-NMR (101 MHz, CDC}): 168.8, 164.1, 163.9, 152.131.6 (q,J = 3.7 Hz), 130.3
(q,J = 33.9 Hz), 127.7 (o) = 3.6 Hz), 126.4 () = 3.5 Hz) 123.6, 116.6, 99.3, 91.4, 204F-NMR (376
MHz, CDCL): -62.38 (s);M'S (ESI) m/z(rel.%): 351 §'Br-MH"] (96), 349 [°Br-MH™] (100), 282 (7), 271
(12); HRMS (ESI) calculated for GHoBriF;Os: 348.9682, found: 348.968bR (neat): 3086, 2960, 2159,
1721, 1646, 1607, 1568, 1511, 1446, 1405, 13206,1P119, 1075, 982, 818 ¢m

1-Bromo-2,4-bis(6-methyl-2-pyronyl-4-oxy)-benzene (7k)

A solution of 4-Bromo-6-methyl-2-pyrone (756 mgpvnol, 2 eq.), 2-bromoresorcinol (378 mg, 2 mmol, 1
eg.), and KCO; (690 mg, 5 mmol, 2.5 eq.) in acetone (4 ml/mmadsvetirred at 60 °C for 16 hours. The
reaction was quenched by addition of water andl etbgtate, and the layers separated. The aquegass la
was extracted 3 times using ethyl acetate anddh#med organic extracts dried over MgS€Goncentrated

in vacuo and purified by flash column chromatography (1090EtOAc in hexanes) to afford the title
compound as a white crystalline solid (395 mg, %48.8

Mpt: 143-146 °C;*H-NMR (400 MHz, CDC}): 7.72 (d,J = 8.7 Hz, 1H), 6.97 (dd] = 8.7, 2.7 Hz, 1H),
6.93 (d,J = 2.7 Hz, 1H), 6.02 (dq] = 2.2, 0.9 Hz, 1H), 5.95 (dqd,= 2.2, 0.9 Hz, 1H), 5.27 (d,= 2.2 Hz,
1H), 5.11 (d,J = 2.2 Hz, 1H), 2.28 (d) = 0.9 Hz, 3H), 2.27 (d) = 0.9 Hz, 3H);*C-NMR (101 MHz,
CDCl3): 169.5, 168.9, 164.0, 164.0, 163.9, 152.4, 150.5,3,3.20.8, 116.4, 113.3, 99.4, 99.3, 91.7, 91.3,
30.9, 20.1, 20.1M'S (ESI) m/z(rel.%): 429 $'Br-MNa'] (97), 427 [*Br-MNa'] (100), 407 §*Br-MH*] (90),
405 [°Br-MH*] (90); HRM'S (ESI) calculated for GH1sBrNaQs: 426.9788, found: 426.9794R (neat):
3058, 1722, 1644, 1584, 1565, 1473, 1444, 139% 18464, 1227, 1179, 1140, 982, 856, 812'cm
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4-Bromo-coumarin®

Br

A 250 ml 3-neck flask containing 4-hydroxy coumafim9 g, 9.2 mmol, 1 eq.)20s (3.13 g, 22.1 mmol,

2.4 eqg.) and TBAB (3.26 g, 10.1 mmol, 1.1 eq.)dluéne (100 ml) was equipped with a condenser and a
mechanical stirrer. The reaction mixture was theaté&d to reflux for 8 hours whilst stirring thetoaled to

cool to ambient temperature. The toluene was dedasff, and the viscous black residue was extrasitdd
toluene (3 x 40 ml). The combined organic fractiomsre concentratech vacuoand recrystallisation
(toluene) afforded the title compound as pale ogasrgstals (1.16 g, 56%).

Mpt: 92-93 °C (lit. 87-89 °C)*H-NMR (400 MHz, CDC}): 7.83 (dd,J = 8.0, 1.5 Hz, 1H), 7.59 (ddd,=

8.3, 7.4, 1.6 Hz, 1H), 7.38 — 7.30 (m, 2H), 6.851¢d); *C-NMR (101 MHz, CDC}): 158.6, 152.4, 141.4,
133.1, 128.0, 124.9, 119.5, 118.9, 11645 (ESI)m/z(rel.%): 227 $'Br-MH™] (100), 225 [*Br-MH*] (98);
HRMS (ESI) calculated for @HsBrO,: 224.9546, found: 224.9550.

edsl

A solution of 4-bromo-coumarin (225 mg, 1 mmol, ¢4.)e 2-iodophenol (220 mg, 1 mmol, 1 eq.), and

4-(2-1odophenoxy)-coumarin (71)

K2COs (276 mg, 2 mmol, 2 eq.) in acetone (3 ml) wagetirat 60 °C for 16 hours. The reaction was
allowed to cool to ambient temperature and quendtyedddition of water (2 ml) and ethyl acetate (3, m
and the layers separated. The aqueous layer wescext using ethyl acetate (3 x 4 ml) and the costi
organic extracts dried over MgaQconcentrated ivacuoand purified by flash column chromatography
(10-20 % EtOAc in hexanes) to afford the produca aghite solid (310 mg, 85.1%).

Mpt: 154-155 °C!H-NMR (400 MHz, CDCY): 8.09 (d,J = 7.5 Hz, 1H), 7.94 (d] = 7.5 Hz, 1H), 7.64 (]
=7.5Hz, 1H), 7.48 (1) = 7.5 Hz, 1H), 7.40 (d] = 7.5 Hz, 2H), 7.22 (d] = 7.5 Hz, 1H), 7.10 (1) = 7.5 Hz,
1H), 5.31 (s, 1H)®*C-NMR (126 MHz, CDC}): 164.9, 162.4, 153.7, 152.3, 140.5, 132.9, 130.35128
124.3, 123.3, 122.4, 116.9, 115.1, 93.8, 8MB (ESI) m/z (rel.%): 387 [MN4] (16), 365 [MHT] (100);
HRMS (ESI) calculated for H10lO3: 364.9669, found: 364.9678R (neat): 3067, 1714, 1623, 1608,
1568, 1380, 1227, 1177, 1088, 929, 752'cm

Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2010 Page | S15



3. Representative NMR Spectra for Compounds

'H NMR spectrum of compound
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'H NMR spectrum of compourgh.
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'H NMR spectrum of compourgb.
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'H NMR spectrum of compourgt.
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'H NMR spectrum of compourgt.
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'H NMR spectrum of compourgh.
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'H NMR spectrum of compourib.
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'H NMR spectrum of compourst.
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'H NMR spectrum of compourgt.
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'H NMR spectrum of compourge.
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'H NMR spectrum of compourtf.
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'H NMR spectrum of compours.
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'H NMR spectrum of compourth.
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%F NMR spectrum of compour&h.
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13C NMR spectrum of complet0.
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'H-13c 2D HSQC NMR of compleg0 (700 MHz).
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'H-3p 2D HSQC NMR of comple%0 (700 MHz).
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4. X-ray diffraction data

Details of Crystallographic Analysis Diffraction data were collected at 110 K on a Bnugnart Apex
diffractometer with Mo-I radiation § = 0.71073 A) using a SMART CCD camera. Diffractoeneontrol,
data collection and initial unit cell determinatinms performed using “SMART* Frame integration and
unit-cell refinement software was carried out WiBAINT+".®! Absorption corrections were applied by
SADABS (v2.10, Sheldrick). Structures were solbgddirect methods using SHELXS87and refined by
full-matrix least squares using SHELXL-87. Al non-hydrogen atoms were refined anisotropicall

Hydrogen atoms were placed using a “riding modeti ancluded in the refinement at calculated posgio

The anion of IJF1002mLR) was modelled as a 98:2 disordered mixture @f Bfd I respectively.
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Table: X-ray diffraction details for all compounds.

Compound reference ijf0925m (6a) ijf0934m (Bb) ijf0930 (8h) ijf0931 (8i) ijf0936m (10) ijf1002m (12)

Chemical formula C12H803 C]_]_HGOg C12H7FO3 C12H7FO3 C48H39|O3P2Pd QOH2403P'(F6P1)0.98'(|)0
-02

Formula Mass 200.18 186.16 218.18 218.18 959.03 60843

Crystal system Triclinic Monoclinic Triclinic Triclinic Monoclinic Triclinic

alA 7.1467(5) 11.1190(16) 3.7437(3) 3.7597(2) 10.21®(5) 7.8107(8)

b/A 7.3546(5) 8.2091(12) 6.3700(7) 6.1644(4) 11.89376) 13.2530(14)

c/A 9.3252(6) 18.856(3) 19.0219(19) 19.6660(11) 3832(17) 14.2579(15)

al® 69.7600(10) 90.00 91.665(9) 92.543(5) 90.00 97.040(2)

BI° 81.8920(10) 105.787(2) 90.858(7) 90.715(5) 93.0310(10) 104.389(2)

yl° 75.2200(10) 90.00 93.699(8) 90.125(5) 90.00 104932(2)

Unit cell volume/& 443.91(5) 1656.2(4) 452.42(8) 455.30(5) 4139.5(4) 1353.6(2)

Temperature/K 120(2) 110(2) 120(2) 120(2) 110(2) 110(2)

Space group PT C2/c PT PT P2(1)/n PT

No. of formula units per unit ceZ 2 8 2 2 4 2

No. of reflections measur 6084 8041 7806 4447 55989 13874

No. of independent reflectio 2211 2057 1688 1706 10290 6661

Rint 0.0124 0.0175 0.0390 0.0286 0.0494 0.0235

Final R; values [ > 25(1)) 0.0352 0.0373 0.0480 0.0477 0.0330 0.0490

Final wR(F?) values [ > 25(1)) 0.1005 0.0970 0.1249 0.1335 0.0684 0.1227

Final R; values (all data) 0.0366 0.0443 0.0574 0.0514 0.0466 0.0719

Final WR(F?) values (all data) 0.1023 0.1024 0.1316 0.1382 0.0730 0.1367

CCDC number 764708 764709 773153 773154 764710 764711

Electronic Supplementary Information for Dalton Transactions

This journal is © The Royal Society of Chemistry 2010 Page | S34



X-ray structure oba (ijf0925m)

X-ray structure folBb (ijf0934m)
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X-ray structure foBh (ijf0930m)

X-ray structure fo8i (ijf0931m)
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X-ray structure fodO (ijf0936m)
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X-ray structure of the phosphonium sal2) (ijf1002m)

c(11) C(22

F(6)

Page | S38

Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2010



5. References

[1] Y. Kato, S. Okada, K. Tomimoto and T. Ma3etrahedron Let{.2001,42, 4849.

[2] K. Afarinkia, M. J. Bearpark and A. Ndibwandi, Org. Chem.2003,68, 7158.

[3] R.F.Clark, T. Zhang, X. Wang, R. Wang, X.aflg, H. S. Camp, B. A. Beutal, H. L. Sham and Y. G.
Gu, Bioorg. Med. Chem. Lett2007,17, 1961.

[4] X.Zhang, M. McLaughlin, R. Lizeth, P. Mundg, P. Hsung, J. Wang and J. Swidor§kinthesis
2007,5, 749.

[5] A. Spaggiari, D. Vaccari, P. Davoli, G. Tomad F. PratiJ. Org. Chem.2007,72, 2216.

[6] M. E.Jungand D. A. AllerQrg. Lett, 2009,11, 757.

[7] Smart diffractometer control software (v5.625), BFttAXS, Bruker AXS GmbH, Karlsruhe,
Germany.

[8] Saint+ (v6.22) Bruker AXS, Bruker AXS GmbH, Kat&uGermany.

[9] G. M. Sheldrick SHELXS-97, Program for the Solution of Crystal 8tues, Universitat Gottingen,
1997.

Page | S39

Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2010



